It has been found in a group of 455 gynaecological patients that not all the voluntary muscles of the body respond to suxamethonium in the same way. One group of muscles (e.g. biceps) which is sensitive to suxamethonium, responds by fasciculating in almost every individual. A second, resistant, group of muscles (e.g. pectoralis major) is almost totally unresponsive to suxamethonium. A third muscle group (e.g. triceps) shows fasciculations in about 60% of cases and appears intimately associated with the development of suxamethonium pains, for if fasciculations do occur then suxamethonium pains are likely to ensue, but not necessarily involving all the fasciculating muscles. A theory to account for these different groups has been proposed involving the known variation in distribution of red and white muscle fibres throughout the body.
INTRODUCTION
Despite numerous publications, no definite relationship has been established between the muscular fasciculations that almost invariably follow the intravenous administration of suxamethonium and the development of postoperative symptoms known as suxamethonium or "scoline" pains.1,2,3 Some workers 4 noted a tendency for severe pains to follow vigorous fasciculations, whilst others 5 noted that the incidence and severity of pains were reduced after vigorous fasdculations. The majority of investigators have used an overall assessment of visible "total body fasdculations" and concluded that there is no relationship between these fasciculations and the subsequent symptoms.
This work, which forms part of a detailed investigation of suxamethonium pains, was undertaken in order to take a closer look at the fasdculation activity of individual muscle ·M,B., B,S" M,R,C,P., F.F.A.R.C.S., F.F.A.R.A.C.S., Director of Anaesthetics.
groups rather than the body as a whole, using electromyographic (EMG) recordings.
METHOD & MATERIALS
A total of 455 patients (aged between 15 and 72 years, mean 34 years) undergoing minor gynaecological surgery consented to take part in the investigation.
Premedication was not standardised, but each patient received papaveretum and hyoscine, by intramuscular injection, one hour pre-operatively.
Anaesthesia was induced by the slow (30 s) intravenous injection of either sodium thiopentone 2.5070 solution, approximately 5 mg/kg, or Althesin 50 ,.tlIkg, according to the anaesthetist's own preference. Previous work had shown that the choice of induction agent made no difference to the incidence of suxamethonium pains. 6 On loss of consciousness, suxamethonium chloride (Glaxo) 1.0 mg/kg was given intravenously over 2-3 s. The ventilation was then controlled, using nitrous oxide and oxygen, until spontaneous respiration returned. Attempts were made (on clinical judgement) to maintain normocapnia. Tracheal intubation was not performed and in only 18 cases was a Guedel airway inserted. All patients were ambulant within 6-8 hours, and all but 40 were discharged from hospital within 24 hours.
Fifteen muscle groups, which were easily accessible to surface EMG, were nominated for study in numerical order ( Figure 1 and Table 1 ). In the early cases, recordings were only made from one muscle group of each patient, but in the latter 97 subjects, two muscle groupsagonist and antagonist, where possible -were studied simultaneously.
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;;1 )/ ( \8 I ~ . . The EMG recording apparatus was the Devices MX2 recorder, with a time constant of 0.03 s, a high frequency (HF) filter cut at 50 Hz and a high frequency response, which was 3 dB down at 20 kHz. A paper speed of 100 mm/s was used. The signals were also fed into a Digitimer D 130 Spike Processor which was set to count and record all positive deflections from the baseline of greater amplitude than 20 JAV, at 1.25 s intervals. Initially, steel-plate electrodes strapped to the limbs provided the recorder input, but these were later replaced by disposable stick-on silver/silver chloride (5 mm) paediatric cardiac monitoring electrodes (3M). These electrodes were easier to apply to the neck and trunk, did not require prior skin cleaning and produced similar EMG recordings to the steel-plate ones.
In all subjects (except eye group) the electrodes were applied prior to the induction of anaesthesia and sample recordings of voluntary activity taken. In the majority of cases, the three electrodes were placed adjacent to one another, parallel to the long axis of the muscle under study, with the earth electrode betwen the differential input electrodes. The recordings commenced immediately after the injection of suxamethonium, and were terminated when evidence of fasciculation activity had disappeared.
The degree of visible fasciculation of the muscles under study was closely observed by the anaesthetist.
Patients were questioned by the departmental secretary approximately 48 hours postoperatively and usually by telephone, except for those few patients still in hospital.
The following enquiries were made. "How are you feeling after your operation?" Then, if there was no significant response, "Have you noticed any aches or pains?" Finally, "Have you noticed any neck-stiffness, shoulderstiffness, chest or abdominal pain or sore throat?"
Subcostal pain as an isolated symptom was not accepted as diagnostic of "the pains", as such pain is seen after non-depolarizing relaxants, and is presumably due to hyperinflation of the chest and stretching of intercostal muscles during intermittent positive pressure ventilation.
RESULTS
Reports were obtained from 420 patients, of whom 218 (52070) complained of typical suxamethonium pains affecting 330 sites (a mean of 1.5 sites per patient). This incidence is similar to that reported in previous work. 7 The pains were located in the neck (54070), chest (28070), shoulders (17070), back (16070), and the limbs (6070). Sore throat was reported by 19070 of patients.
The EMG findings for the various muscle groups are summarised in Table 2 , together with the incidence of muscle-pains. "Significant" EMG activity was defined as those traces showing action potentials of 20 microvolts amplitude (or greater), at a frequency of 30 Hz (or more), for at least 500 milliseconds, as suggested by earlier studies. 3 This level of EMG activity was associated with visible fasciculations in 96070 of the muscles studied (P < 0.001).
On the basis of the incidence of significant EMG activity it was possible to differentiate the muscles into 3 groups (A, Band C) (Figures 2 and 3 -highly significant differences between the groups, P -< 0.001). The group A muscles showed significant fasciculation activity in the vast majority of cases (range 98-100OJo, mean 98%) ( Figure 4 ) and could be considered sensitive to suxamethonium. In contrast, the group B muscles produced EMG activity in only a very few patients (range 0-10%, mean 6%) ( Figure  5 ) and could be considered resistant to suxamethonium. In neither of these two groups was any relationship found between the presence or absence of EMG activity and the incidence of suxamethonium pains. The group C muscles may be considered as an intermediate group as fasciculation activity developed in about half the patients studied (range 50-63 %, SECS. mean 61%) ( Figure 6 ). However, 93% of the patients with significant group C activity developed suxamethonium pains, a significantly greater incidence (P < 0.(01) than the rest of the patients (50% incidence). The suxamethonium pains were not always located in those group C muscles demonstrating EMG activity, for whilst 73% of the patients with an active trapezius EMG developed neckache or stiffness, none of the biceps femoris cases complained of "hamstring" pain, and symptoms referred to the triceps or tibialis anterior were quite rare.
DISCUSSION
There are many outstanding problems concerning our knowledge of the nature and aetiology of suxamethonium pains. One difficulty has been to explain the relationship between the pains and the visible fasciculations. Another concerns the occurrence of symptoms in such specific sites as the neck, chest and shoulders, and it is postulated that the muscles in pain-sensitive areas differ from other muscles.
The principal finding of this study has been the identification of three distinct musclegroups according to their reactions to suxamethonium -the sensitive, resistant and intermediate. This is not a new concept, for Paton and Zaimis 8 in 1949 reported that some muscle-groups in animals appeared more sensitive than others to the depolarizing action of decamethonium, and whilst some muscles were paralysed by a certain dose of relaxant, other muscles were in a state of excitation. A connection between the colour of the muscle following exsanguination, and its response to depolarizing relaxants was noted. Red muscles in the cat, were found to be more resistant to decamethonium than white fibres (or white fibres were more sensitive). Both red and white muscles responded similarly to nondepolarizing relaxants.
Although a large number of animal studies has been performed, there has been little work in man to identify red and white muscles, although it is probable that there are no pure red or white muscles, but only mixtures in varying proportions. 9 The red (type I, slow) fibres are well suited to relatively slow but repetitive contractions, which maintain the sustained tonic forces characteristic of postural muscles. The contrasting white (type 11, fast) fibres are able to produce rapid phasic forces which operate in large-scale body movements, using primarily glycolytic respiration and a relatively poor blood supply.
Histochemical and physiological studies have indicated that intermediate types of fibre exist -as many as 8 in some species. lO However, several groups of workers ll -13 have settled on a new classification in animals with three fibretypes (A, B and C).
A fibres represent the classical white fibres. -Band C fibres represent two types of red fibres. This system does not seem to have been applied to man, in whom intermediate fibres are less striking than in animals, but remains a possibility.
The results of the present work would appear to support a conclusion that:-(1) The group A muscles (e.g. biceps and gastrocnemius) were sensitive to depolarization, and represent white muscles (largely A fibres) -mostly flexor muscles.
(2) The group B muscles (e.g. pectoralis major, external oblique) were resistant to suxamethonium depolarization and could be largely composed of true red (B) fibres. These were mostly trunk muscles. trapezius and triceps) were resistant in about 40070 of patients, but sensitive in the remainder, the majority of whom suffered symptoms. It is suggested that these muscles, which are often extensors, have a high proportion of intermediate red C fibres.
Of great interest is the finding that the muscle-spindles and their intrafusal fibres (major factors, in a proposed theory of pain development 3 ) give similar histochemical reactions to the rest of the muscle. '4 If true intermediate fibres exist in man, then some would be expected to be resistant to suxamethonium and others sensitive, as would their spindle intrafusal fibres.
The results of Edstrom and Nystrom 9 are of interest with regard to the increased incidence of pains reported in females '5 as they found a greater red to white fibre ratio (with reference to area covered) in females than males, in most of the muscles studied.
There is quite a good correlation '4 between the published differentiation into red and white muscles and the results in Figure 3 .
As only a few muscles have been studied electromyographically in this work, it has been impossible to completely map-out all those muscles involved in suxamethonium pains. For instance, no muscle responsible for the familiar calf pain and stiffness has been found, although soleus (a red muscle) would seem an ideal candidate. Its limited surface accessibility could be overcome by needle electrodes in future studies. Similarly, the diaphragm would seem a likely site for subcostal pain, but that also has remained elusive.
It is suggested, therefore, that if an intermediate muscle fasciculates to a significant extent (and this will usually be visible), then the enclosed muscle spindles become stimulated and injured. Either the spindle damage itself, by releasing noxious chemicals, or the loss of fine spindle control with subsequent muscle 'over-use' and trauma, may lead to the development of the syndrome of suxamethonium pains. Total body fasciculations provide no prognostic value with regard to the development of symptoms.
It may be recalled that the presence of significant EMG activity in an intermediate muscle was associated with the pain syndrome, but not always involving the particular muscle under study, for reasons not readily apparent, but this is where fitness may play a part, in selecting a vulnerable muscle. 5 What determines why a particular patient develops the syndrome is unknown, but possible factors could be the variation in the ratio of red to white fibres in a particular muscle or individual, or a variability in the responsiveness of the fibres in different subjects.
These factors are likely to be under genetic control, so it might be worthwhile studying the susceptibility of members of family groups to suxamethonium pains.
Sore throat: 19070 of patients without instrumentation of the airway reported a sore throat post-operatively, and it is postulated that sore throat might be considered part of the pain syndrome. The majority of these patients (81070) also complained of suxamethonium pains (P -< 0.001), and in 85070 of these an associated complaint was neck pain or stiffness. This, also, was a highly significant finding (P -< 0.001).
There would thus seem to be a strong association between post-operative sore throat and suxamethonium pains, although there remain other causes of a sore throat such as the drying action of the pre-medication.
THE EYE
The finding of raised intra-ocular pressure following suxamethonium is a well recognized entity. The protective effect of a small dose of non-depolarizing drug has .been noted by some workers. '6 However, the aetiology of the raised pressure remains a mystery despite numerous investigations.
In 1960 Wahlin l7 recorded EMG traces from the extrinsic eye muscles and obtained only a few sporadic potentials, which he considered could not have been responsible for the retraction of the eye-ball he noted in 96070 of cases. The extra-ocular muscles (EOM's) contract when exposed to neuromuscular depolarizing drugs, such as suxamethonium, whereas the other skeletal muscles develop flaccid paralysis. EOM's also differ from the other skeletal muscles by having muscle-fibres with multiple motor-nerve endings, as well as singly innervated cells. IS The contraction (or "contracture") observed in the EOM's may result from a summation of the local depolarizing effects of suxamethonium on the numerous post-junctional membrane areas of these multiply-innervated fibres.
As the orbicularis oculi (which is also known as "the sphincter of the eyelids") was observed to fasciculate in every case following suxamethonium, it was thought that this muscle might play a part in the development of raised intra-ocular pressure. Marked EMG activity, similar to that in skeletal white (fast) muscles was seen in most traces (Figure 7a noticed was an undulating, repetitive, slow (30 Hz) waveform, which lacked the spiked appearance of muscle potentials (Figure 7b ). This waveform could simply represent muscle movement with fasciculation activity in the orbicularis oculi, but it was not seen in other small muscles (e.g. thumb). On the other hand,
